The latest taxonomic account for the palms of the Amazon recognizes two common and widespread varieties of Geonoma macrostachys (Arecaceae) in western Amazonia: acaulis and macrostachys . These varieties are joined by intermediates, which obscure their taxonomic boundaries. An evaluation of the genetic distinctness between G. macrostachys varieties at a local and regional scale is presented. Thirty-one G. macrostachys individuals were randomly sampled from four Peruvian tropical moist forests. Twenty-seven intersimple sequence repeat (ISSR) primers were used, and all clear and reproducible bands were scored and analysed. Of the 99 ISSR bands produced, 51.52% were polymorphic. Nei's gene diversity value ( H ) was 0.2274 and Shannon's information index ( I ) was 0.3237. Clustering, ordination, and analyses of molecular variance (AMOVAs) suggested a lack of genetic distinctness between varieties at the regional level. Individuals clustered by geographical provenance, and two main groups were identified. A significant genetic differentiation between sympatric varieties occurred only in the northern locality ( Φ ST = 0.359, P = 0.000). A hierarchical AMOVA revealed that the genetic diversity in G. macrostachys mainly lies between localities (76.58%). Mantel's test revealed no significant correlation between the geographical and genetic distances between individuals. We do not support the recognition of the two taxonomic varieties studied.
INTRODUCTION
The high biodiversity of tropical forests is caused mainly by large genera with coexisting closely related species and species complexes with sympatric forms (Rogstad, 1989; Davies et al ., 1998) . This pattern is exemplified in the palm family by the presence of many sympatric congeneric species or varieties, notably in Bactris Jacq., Chamaedorea Willd., and Geonoma Willd. (Svenning, 2001) . Species of Geonoma are common elements in the forest understorey in lowland and montane forests of Central and South America to the Caribbean. The World Checklist of Palms recognizes 59 species (Govaerts & Dransfield, 2005) ; making Geonoma the third largest Neotropical palm genus. It has the widest elevational range of any Neotropical palm genus; species grow from sea level to 3150 m of elevation (Henderson, Galeano & Bernal, 1995) . Treatments of Geonoma (Burret, 1930; Wessels Boer, 1968; Henderson et al ., 1995) disagree with regard to the number of species recognized, making this genus taxonomically challenging. The discrepancy in species number is a result of the presence of several highly variable complexes of closely related taxa that show a high level of morphological variation, especially in leaf shape and size (Skov, 1989; Henderson, 1995) . Henderson et al . (1995) documented eight species complexes within Geonoma , each containing more or less defined varieties joined together by intermedi-ate forms. These varieties or morphotypes can occur in allopatry or sympatry, and can appear and behave as distinct species when in the latter condition (Borchsenius, 1999; Svenning, 2001) .
One such palm complex is the Geonoma macrostachys Martius complex, which is well studied given its abundance, small size, and conspicuous morphological variation. Individuals typically have a subterranean or short stem, rarely more than 50 cm in height. The leaves vary from simple and wedgeshaped to regularly or irregularly pinnate with straight to sigmoid pinnae. The inflorescences are erect and spicate, borne amongst the leaves, and orange when fruiting. Flowers are arranged in triads with one central pistillate and two lateral staminate flowers. The triads are sunken in holes or pits spirally arranged on the flowering branch or rachilla . G. macrostachys is protandrous and monoecious with staminate and pistillate flowering temporarily separated, needing a vector to ensure pollination (Listabarth, 1993 (Listabarth, , 1999 . It is also a nontimber forest product, as it is the preferred species for thatching in rural communities of Amazonian Ecuador (Svenning & Macia, 2002) .
In the latest taxonomic account for the palms of the Amazon, Henderson et al . (1995) recognized three varieties of G. macrostachys : G. macrostachys var. acaulis (Mart.) A.J. Hend, G. macrostachys var. macrostachys , and G. macrostachys var. poiteauana (Kunth) A.J.Hend. Individuals within each variety differ in size and leaf morphology, making their taxonomic boundaries difficult to establish. Variety poiteauana occurs in the north-eastern Amazon region, principally in the Guyana Shield, and appears to be rare in comparison with the other two varieties (Henderson, 1995) . Varieties acaulis and macrostachys , by contrast, are very common and widespread in the lowland forests (below 600 m above sea level) of Venezuela, Colombia, Ecuador, Peru, Bolivia, and Brazil (Henderson, 1995) . In his monograph of the tribe Geonomeae, Wessels Boer (1968) recognized these varieties as separate species within section Taenianthera of subgenus Geonoma . However, Henderson (1995) followed Skov's treatment (Skov, 1989) , and considered these variable species as varieties, given the presence of herbarium specimens with intermediate character states that obscured the morphological boundaries between species.
Geonoma macrostachys is pollinated by deception; insects are attracted to pistillate nonrewarding flowers mimicking staminate ones in shape, colour, and chemical scent (Knudsen, Andersson & Bergman, 1999; Listabarth, 1999) , and/or by the provision of sites for mating and egg laying (Olesen & Balslev, 1990) . Trigonids and drosophilids are probably the most important pollinators (Olesen & Balslev, 1990) .
In a Peruvian tropical moist forest, G. macrostachys var. acaulis (as G. acaulis ) and G. macrostachys var. macrostachys (as G. macrostachys ) were reproductively isolated as a result of differences in phenology, flowering activity, and pollinator spectrum (Listabarth, 1993 (Listabarth, , 1999 . G. macrostachys var. acaulis flowered at the onset of the rainy season and was pollinated by beetles, whereas G. macrostachys var. macrostachys set flowers during the mid-rainy season until the beginning of the dry season and attracted pollinators such as syrphid flies and meliponine bees. Listabarth (1999) concluded that reproductive characters could be applied in the evaluation of species distinctness (using the biological species concept), and suggested that, if these forms are indeed reproductively isolated at the local scale, then G. macrostachys var. acaulis should be retained as G. acaulis .
Two morphological studies using multivariate analyses have assessed the distinctness of Geonoma varieties or forms at a local and regional scale (Borchsenius, 1999; Henderson & Martins, 2002) . Both studies concluded that there is probably no satisfactory infraspecific classification for these complexes, because populations form a spectrum of morphologically different forms across their distributional range. To date, only two genetic studies have documented the relationships and levels of genetic variation found in palm species complexes (Loo et al ., 1999; Kjaer et al ., 2004) , but none has focused on Geonoma .
The usefulness of intersimple sequence repeats (ISSRs), as a polymerase chain reaction (PCR)-based fingerprinting technique, has been well documented in plants ( Rakoczy-Trojanowska & Bolibok, 2004) . The technique is based on the amplification of regions between inversely orientated and closely spaced microsatellites. In contrast with randomly amplified polymorphic DNA (RAPD), the technique uses relatively longer semi-arbitrary primers at higher stringency PCR conditions, thus providing more reproducible results (Zietkiewicz, Rafalski & Labuda, 1994; Bornet & Branchard, 2001 ). ISSRs are highly informative and have been widely employed in the examination of systematic relationships and taxonomic boundaries at the species level (Barker & Hauk, 2003; Schrader & Graves, 2004; Tian et al ., 2004) .
The present study is an evaluation, based on molecular data, of taxonomic circumscriptions within the G. macrostachys complex proposed by Henderson (1995) Table 2 ). The morphological descriptions of Henderson et al . (1995) were used to identify individuals in the field. Table 3 describes the most distinctive morphological features of each variety at each locality; these descriptions were based on a number of observations made in the field. Phenotypic differentiation between varieties was strong in all localities, except at LLNR, where variation was more continuous and the presence of intermediate forms was not an isolated event. There were no intermediate individuals at ACTS, PBS, and EBCC.
Thirty-one G. macrostachys individuals were randomly sampled from 290 m × 10 m transects established at each locality to study the habitat preferences of the local varieties or forms (Roncal, 2005 (Roncal, , 2006 . These transects were separated by at least 200 m, and no more than two individuals per transect with at least Table 1 . The small sample size of this study was attributed to the presence of PCR inhibitors in most of the 93 samples from which total DNA was extracted. Only 31 samples were analysed that produced consistent ISSR profiles. Fresh leaves of individual plants were collected in the field and preserved in plastic zip-lock bags with silica gel until DNA isolation. Vouchers were deposited at the Herbario Forestal of the Universidad Nacional Agraria La Molina (UNALM) in Lima, Peru, and at Fairchild Tropical Botanic Garden (FTG) in Miami, FL, USA (Table 1) .
Total genomic DNA was extracted from approximately 25 mg of dried leaf material using the BIO 101 Systems FastDNA Kit and the FastPrep Instrument FP120, both from Q Bio Gene Inc. (Irvine, CA, USA). The recommendations of the manufacturer were followed with the addition of 1% polyvinylpyrrolidone (PVP) to buffer CLS-VF to reduce the formation of secondary compounds. To remove low-molecular-weight DNA and PCR inhibitors, total genomic DNA was separated on a 1% TAE agarose gel, followed by excision of the high-molecular-weight band and isolation using the QIAquick Gel Extraction Kit (QIAGEN Corp., Valencia, CA, USA). The latter purification step was necessary to obtain ISSR amplification products. Samples were standardized to a concentration of 10 ng µ l − 1 with a DyNA Quant 200 fluorometer (Höefer Pharmacia Biotech Inc., San Francisco, CA, USA) before ISSR amplification.
ISSR REACTIONS
ISSR PCR primers were obtained from the University of British Columbia Biotechnology Laboratory (UBC); for this study, we used primer set #9 (Vancouver, BC, Canada: http://www.biotech.ubc.ca). Of the 96 screened primers, 27 produced clear and reproducible bands across a broad sample of individuals, and were therefore used in this study (Table 4 ). The 25-µ l PCR mixture contained one unit of Taq DNA polymerase (Promega), 1 × PCR buffer, 1.5 mM MgCl 2 , 0.25 mM of each deoxynucleoside triphosphate (dNTP), 0.8 µ M of a single ISSR primer, 2% of dimethylsulphoxide (DMSO), and 10 ng of DNA template.
Reactions were performed in a PTC 200 thermocycler (MJ Research Inc.) using the following temperature regime: 95 ° C for 3 min, then 40 cycles consisting of 1 min at 95 ° C, 1 min at 50 ° C, and 2 min at 72 ° C, followed by a final extension of 7 min at 72 ° C. The entire reaction volumes were electrophoresed on a 1.5% agarose gel in 1 × TAE buffer [40 m M Trisacetate, 1 mM ethylenediaminetetraacetic acid (EDTA) pH 8.0] at 80 V for 3 h, together with a 100-bp DNA step ladder (Promega), and photographed under ultraviolet (UV) light with Polaroid Film 667. Each ISSR PCR was repeated twice, with negative controls, to ensure consistent ISSR profiles. Only clear bands that appeared in both replicate sets of amplifications were scored as present (1) or absent (0). Data were compiled into a Nexus data matrix using MacClade 3.05 (Maddison & Maddison, 1992) . Population genetic parameters, such as the percentage of polymorphic bands (PPB), Nei's (1973) gene diversity (H), and Shannon's information index (I; Lewontin, 1972) , were analysed using POPGENE version 1.31 (Yeh, Yang & Boyle, 1999 ). Nei's gene diversity was calculated using the formula H = 1 − ΣP i 2 and Shannon's information index by the formula I = ΣP i log P i , where P i is the frequency of allele i in the population and Σ represents the summation over all alleles. These genetic diversity measures were calculated for the entire data set and for each locality (Table 5) .
Cluster analysis of the 31 G. macrostachys individuals, based on the Nei & Li (1979) coefficient for measuring pairwise band similarities, was performed with the neighbour-joining method in PAUP* version 4.0b10 (Swofford, 2002) . Confidence levels for this dendrogram were computed with 1000 bootstrap replicates in PAUP* (Fig. 2) . A principal coordinate (PCO) analysis was further used to visualize the genetic relationships between all individuals (Fig. 3) . The Dice similarity index was chosen to calculate a similarity matrix, as it does not attribute any genetic meaning to the coincidence of band absence (Mattioni et al., 2002) . PCO analysis was performed in the Numerical Taxonomy and Multivariate Analysis System for personal computers (NTSYSpc), version 2.11S (Rohlf, 2000) .
To further assess the genetic distinctness between G. macrostachys varieties, two analyses of molecular variance (AMOVAs; Excoffier, Smouse & Quattro, 1992) were conducted using ARLEQUIN software version 2.0 (Schneider, Roessli & Excoffier, 2000) . The first AMOVA calculated variance components between varieties macrostachys and acaulis across all localities. The second AMOVA was hierarchical and partitioned the phenotypic variance between localities, between varieties within each locality, and within local varieties. Pairwise Φ ST values (Stewart & Excoffier, 1996) , which are F-statistic (Wright, 1965) analogues for dominant markers, were generated from the covariance components in ARLEQUIN version 2.0. The first AMOVA produced a Φ ST value to estimate the degree of genetic difference between varieties across all localities, and the second AMOVA rendered pairwise Φ ST values between pairs of varieties from each locality ( Table 6 ). The statistical significance of the covariance components and Φ ST values was calculated using 10 000 nonparametric permutations of the data in ARLEQUIN version 2.0 (Excoffier et al., 1992) .
A genetic distance matrix based on Nei's (1978) unbiased genetic distance calculation was constructed in POPGENE version 1.31 (Yeh et al., 1999 ) to establish the level of genetic divergence between pairs of localities (Table 2) . To verify whether a correlation exists between the genetic distance and geographical distance, Mantel's test of matrix correspondence (Mantel, 1967; Sokal & Rohlf, 1995) was conducted using NTSYSpc version 2.11S (Rohlf, 2000) with 1000 random permutations.
RESULTS ISSR POLYMORPHISM AND GENETIC DIVERSITY OF SAMPLED G. MACROSTACHYS INDIVIDUALS
ISSR analysis of 31 individuals using 27 primers provided a total of 99 reproducible bands, 51 (51.52%) of which were polymorphic. The total number of bands amplified per primer pair varied from two (UBC-823, 826, 848) to six (UBC-835), with an average of 3.67 total bands per primer, and the number of polymorphic bands varied from zero (UBC-823, 848) to four (UBC-835), with an average of 1.89 polymorphic bands per primer (Table 4 ). The ISSR technique revealed 22 haplotypes for the 31 individuals sampled, and there were no shared haplotypes between localities. Furthermore, no variety-specific bands were obtained that could segregate G. macrostachys varieties at the local or regional scale. One and five bands were specific for PBS and EBCC, respectively. For the entire data set, Nei's gene diversity value (H) was 0.228 and Shannon's information index (I) was 0.324. At the regional level, estimates of Nei's gene diversity, Shannon's information index, and the number of polymorphic bands showed most diversity in ACTS (H = 0.122, I = 0.192, 41 polymorphic bands). The lowest genetic diversity was found in LLNR (H = 0.020, I = 0.029, five polymorphic bands; Table 5 ).
GENETIC DISTINCTNESS OF G. MACROSTACHYS

VARIETIES AND GENETIC STRUCTURE
The unrooted neighbour-joining dendrogram (Fig. 2) shows that individuals of both morphological varieties were evenly distributed throughout the tree, suggesting a lack of genetic distinctness between the two varieties at the regional level. Two main clusters were resolved with bootstrap support of 100% in each ( Fig. 2A, B) . The first cluster grouped individuals from the central localities (LLNR and PBS) and one individual from ACTS. Within this cluster, there was a separation between individuals from PBS and LLNR, although these smaller clusters were not supported by a bootstrap value of more than 50% ( Fig. 2A) . The second main cluster included individuals from the northernmost (ACTS) and southernmost (EBCC) localities. All EBCC individuals, except one, formed a cluster supported by a bootstrap value of 81%. As revealed by the genetic diversity measures described above, the larger genetic diversity of G. macrostachys in ACTS was shown by the presence of two ACTS individuals outside the ACTS/EBCC cluster (Fig. 2B) .
The first three components of the PCO analysis explained 86.7% of the genetic variation (component one, 62.5%; component two, 18.6%; component three, 5.7%). As in the neighbour-joining dendrogram, individuals representing the two morphological varieties failed to form discrete groups after the ordination analyses (Fig. 3) . The PCO analysis showed four groups of individuals corresponding to the four localities. However, three samples appeared outside their respective locality groups (Fig. 3) . Groups from PBS and LLNR were genetically closer to each other than to ACTS and EBCC groups; this trend was also observed in the neighbour-joining dendrogram. Within each locality group, except ACTS, the two varieties were not clearly separated. This result was consistent with the neighbour-joining dendrogram where var. acaulis individuals from ACTS formed a cluster (< 50% support), suggesting that local G. macrostachys varieties in ACTS might be genetically distinct.
AMOVA results further supported the lack of genetic distinctness between G. macrostachys varieties across localities. All the genetic variance (100%) was distributed within varieties, and a value of zero was obtained for the variation between varieties (Table 6 ). The Φ ST value between varieties was not larger than zero and could not be rejected by the permutation significance Table 6 ). Results of the hierarchical AMOVA showed that, of the total genetic diversity, 76.6% was explained by differences between localities, 7.0% by differences between varieties within localities, and 16.4% by differences within varieties (Table 6) . As revealed by the Φ ST values (results not shown), no significant genetic differentiation occurred between sympatric G. macrostachys varieties in any locality, except in ACTS (Φ ST = 0.36, P < 0.001), corroborating the results from the neighbour-joining phenogram and PCO analysis. The Mantel test revealed a nonsignificant correlation (r = −0.09, P = 0.37) between the genetic and geographical distance matrices for the four localities, indicating that genetic distance is not solely dependent on geographical distance. d.f., degree of freedom; P, probability of obtaining a larger variance value; SSD, sum of squared deviation.
DISCUSSION
ISSR POLYMORPHISM AND GENETIC DIVERSITY OF THE SAMPLED G. MACROSTACHYS INDIVIDUALS Our PPB values fell within the range of variability reported in studies using dominant molecular markers to discriminate between taxa at the species level and below (Loo et al., 1999; Degani et al., 2003; Schrader & Graves, 2004; Tian et al., 2004) . For example, the number of total and polymorphic RAPD bands (97 and 65, respectively; PPB = 67%) reported in a study of Licuala glabra Griff. ex Mart (Arecaceae) was sufficient to differentiate between three morphologically different forms (Loo et al., 1999) . Schrader & Graves (2004) successfully discriminated between three Alnus maritima Muhl. ex Nutt. (Betulaceae) subspecies with 52 polymorphic bands of 108 total ISSR bands (PPB = 48%).
Nei's genetic diversity estimates (Nei, 1973) , calculated for Euterpe edulis Mart. (Arecaceae) populations from the Atlantic rainforest (Cardoso et al., 2000) , were higher than those obtained in our localities, except for ACTS, which had a similar genetic diversity estimate (H) of 0.12. Likewise, genetic diversity, as measured by Shannon's (Shannon & Weaver, 1949) information index for coconut populations from the South Pacific (Ashburner, Thompson & Halloran, 1997) , was higher by one order of magnitude than the indices observed in three of our four sampling localities (PBS, LLNR, and EBCC). Our study is therefore in accordance with the proposition by Zietkiewicz et al. (1994) that ISSR markers can detect very low levels of genetic variation. Most of the genetic diversity found in G. macrostachys can be explained by the variance found in ACTS. Of all the localities sampled, ACTS is closest to the Iquitos area in Peru, suggested to be the richest palm region of the Americas . The higher genetic diversity of ACTS compared with that found in other localities is consistent with this hypothesis. We cannot rule out, however, that part of the explanation for the low genetic variation observed in the three other sites may be the small sample size.
GENETIC DISTINCTNESS OF G. MACROSTACHYS
VARIETIES AND GENETIC STRUCTURE
In a multivariate analysis using morphological characters, Borchsenius (1999) successfully discriminated between four local varieties of the G. cuneata complex in Montanas de Ila, Ecuador. However, at the regional scale, individuals could not be classified unambiguously. Likewise, Henderson & Martins (2002) concluded that an infraspecific classification of the G. stricta complex was problematic because of the morphological continuity found in the herbarium specimens examined. The results presented here based on ISSR markers showed a similar trend, as G. macrostachys var. macrostachys individuals did not cluster separately from var. acaulis individuals across the four localities sampled. Furthermore, our results yielded no ISSR bands specific to either variety. We therefore support the current taxonomy of G. macrostachys (Henderson, 1995) , recognizing only one species, with the application of a broad species concept for the consistent naming of these taxa across their distributional range. The recognition of varieties within this species across its distributional range is therefore problematic because of this lack of genetic distinctness at the regional scale. In this respect, we do not support the recognition of Henderson's varieties (Henderson, 1995) . The distinctness of var. poiteauana remains to be addressed.
Only ACTS presented a significant genetic difference between its local varieties. Sympatric G. macrostachys varieties showed a degree of habitat partitioning in most localities; however, in ACTS, this habitat partitioning was the sharpest in terms of density differences of varieties between main habitat types (Roncal, 2005 (Roncal, , 2006 . G. macrostachys var. macrostachys occurred mainly in 'tierra firme' forest, but 15% of the individuals recorded in the field were found in floodplain forest. In a similar manner, var. acaulis was abundant in the floodplain forest, with only 0.09% of individuals found in 'tierra firme' (Roncal, 2005 (Roncal, , 2006 . Habitat differentiation in ACTS also concerned forest structure conditions, as the leaf area index of the forest above the palm crown differed between varieties. The genetic differentiation found between the two local varieties in ACTS suggests that adaptations to local habitats might be important in determining the genetic profile of the species. Some authors have proposed that habitat specialization has played an important role in tropical plant speciation (Gentry, 1989; Svenning, 2001) . The genetic evidence found in ACTS supports this hypothesis; however, habitat partitioning was also found in LLNR and EBCC (Roncal, 2005 (Roncal, , 2006 with no genetic divergence revealed by ISSR markers. We did not conduct a morphometric analysis to evaluate the degree of phenotypic differentiation between local varieties and how it correlates with the genetic differentiation found in ACTS. Is local phenotypic differentiation strong where local genetic differentiation is significant? We encourage future research in this regard. Listabarth's (1993 Listabarth's ( , 1999 pollination study on G. macrostachys was conducted in PBS. As ISSR markers did not find a significant genetic difference between varieties in PBS, nor at a regional scale, we disagree with Listabarth's conclusion that var. acaulis should be given a species status. Therefore, it appears that the reproductive isolation achieved by these vari-eties based on different phenology, flowering activity, and pollinator spectrum may have arisen quickly and may have very little genetic foundation, as suggested previously by Borchsenius (1997) and Svenning (2001) . Other possible explanations for the lack of genetic differentiation could be that more polymorphic loci are needed to detect the very small genetic differences between sympatric varieties, an artefact of the ISSR technique coupled with the small sample size, or that the morphological and reproductive differences between them respond to local environmental factors (i.e. phenotypic plasticity). Henderson (2002) reported that widespread palm species could have different phenologies according to local climatic conditions. Between-habitat differences in flowering time variants as a result of phenotypic plasticity and genetic divergence have also been studied in Iris pumila (Iridaceae) and in the orchid Gymnadenia conopsea (Tarasjev, 1997; Gustafsson & Lonn, 2003) . We agree with Borchsenius (1999) that a detailed morphological and ecological description of local forms, without formal systematic recognition, might be an avenue for improving our understanding of these palm complexes and for achieving information exchange between botanists and ecologists.
Nei's genetic distance estimates (Nei, 1978) between ACTS and EBCC populations were surprisingly lower than expected, given that these localities are 930 km apart. Clustering and ordination also indicated their high genetic similarity. In a study of floral scent composition within and between populations of G. macrostachys in western Amazonia, Knudsen (2002) found no difference, even between distant populations, and suggested that populations are part of a metapopulation linked by sufficient gene flow to avoid local differentiation. She also corroborated the hypothesis that G. macrostachys is an outcrossing species. In addition, the importance of male euglossine bees for long-distance pollen dispersal in G. macrostachys was suggested, because of the great similarity in floral scent composition between populations up to 290 km apart (Knudsen, 2002) . Whether the genetic similarity found between ACTS and EBCC is the result of natural gene flow through pollen dispersal by male euglossine bees, seed dispersal by birds, population expansion, anthropogenic migration of plants, or genetic drift is a question that awaits further investigation. Similarly, the genetic segregation between ACTS/EBCC and LLNR/PBS groups can be explained by certain ecological differences found between their habitats. At ACTS and EBCC, the floodplain forest contained higher levels of most mineral nutrients analysed and a higher clay content than the 'tierra firme' forest, which showed higher sand content and lower mineral nutrient content. However, the 'tierra firme' forest at LLNR had a higher clay and nutrient content than the floodplain (Roncal, 2005) . Soil chemical and physical properties were not analysed for PBS, but we can speculate from its geographical proximity to LLNR that they are similar in ecology.
Our results were also consistent with the amplified fragment length polymorphism (AFLP) study of Metroxylon sagu (Arecaceae), where there was no clear separation between morphologically different individuals (spined vs. nonspined), but a tendency to group by collection locality in Papua New Guinea (Kjaer et al., 2004) . The exchange of genetic material, even between remote populations, was also proposed to happen relatively frequently (Kjaer et al., 2004) .
Future studies should include a greater sampling of individuals from these and other populations of this widely distributed species and the collection of evidence from other DNA markers, such as AFLPs or microsatellites. In this context, we prefer not to discuss the occurrence of the ACTS individual in the LLNR/PBS group, or the placement of the EBCC individual in the ACTS group (Fig. 3) , as we believe that a larger sample size will provide a better insight into the genetic relationships between populations. Microsatellite markers may further estimate the mating system of G. macrostachys and better demonstrate long-distance gene flow events. To conclude, we have found that geographical location plays the main role in the genetic structure of G. macrostachys. Within each location, G. macrostachys has differentiated into morphologically or ecologically different forms. Thus, there is evidence of parallel, local phenotypic diversification resulting in similar but unrelated morphological forms in distinct areas across the distribution range of this very abundant palm complex. Finally, members of G. macrostachys var. poiteauana should also be incorporated to assess their genetic distinctness and relationship with the two varieties studied here.
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